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Introduction 
Recent studies on direct methanol fuel cell (DMFC) 
technology has demonstrated that MEAs can be operated 
at low rates of airflow and moderate temperatures [ I ,  21. 
This advancement is important in that i t  enables systems 
with DMFC stacks to operate with low-power ancillaries 
[3]. The testing of a stack made from such MEAs is the 
subject of  this  paper. Particular attention was focused on 
studying the water balance characteristics for long term 
system operation. 

Experimentaf 
A five-cell aqueous-feed direct methanol stack with an 
80-cm2 active electrode area has been developed and 
tested. The stack  was designed for ultra low-pressure 
drop and efficient water removal characteristics in the 
cathode compartment. Parametric tests were performed to 
establish an operational envelope for recently developed 
MEAs. The fuel circulation loop was set up  to ensure 
constant concentration of methanol during testing. This 
was accomplished by an automated feed system that 
incorporated a methanol concentration sensor. 

Results  and Discussion 
The effects of methanol molarity on the average operating 
cell voltage at various loads for the five-cell stack IS 

shown  as figure 1. At 100 mA/cm2 the average cell 
voltages for 0.4.0.5, and 0.6M methanol are 0.27,0.40, 
and 0.37V respectively. The lower cell voltage realized 
when operating at 0.4M methanol is attributed to a lack of 
sufficient methanol at the anode. The cell voltages 
observed at  0.6M are lower than that at 0.5M. This is 
attributed to  the increased crossover observed at higher 
concentrations, placing an excessive demand on the 
oxygen available at the cathode [ I ] .  In previous studies, it 
has been  shown that the effect of methanol crossover on 
the cathode can be significant [1,4].  Thus, for values of 
air stoichiometry less than 2.0.5M methanol is the 
optimal concentration for this DMFC. 

The dependence of temperature on stack performance is 
~ I U U I ( I  in .?gure 2 .  Aa average opcrxing ccil witage ( J ! '  

0.4V at 45-mA/cm2 and 30 "C can be realized. The fuel 
cell being able to produce power at low temperatures 
enables ambient temperature applications and quick 
system start-up. 

The continuous operation of the DMFC stack for over 70 
hours is shown in Figure 3. In this experiment water 
exiting the cathode of the stack was collected and the neat 
methanol consumption was tabulated to determine a 
system water balance. Liquid water produced at the 
cathode was recovered. The  drag coefficient was 
calculated to be 2.5, a number that is supported in the 
literature [5,6). This experiment also showed that a water 
balance is possible for a stack operating at low airflow 
and 55 "C. 
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Figure 2. Average cell voltage as a function of current 
density and temperature. 0.5 M MeOH, 1.75 Umin 
airflow. 
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Figure 3. Extended testing  at 100mAlcm2 load, 0.5M 
MeOH, 200 cc/min MeOH circulation, 1.75 Umin 
airflow. 
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